The proteolytic cleavage of sterol regulatory element-binding proteins (SREBPs) is regulated by SREBP cleavage-activating protein (SCAP), which forms complexes with SREBPs in membranes of the endoplasmic reticulum (ER). In sterol-depleted cells, SCAP facilitates cleavage of SREBPs by Site-1 protease, thereby initiating release of active NH 2 -terminal fragments from the ER membrane so that they can enter the nucleus and activate gene expression. In steroloverloaded cells, the activity of SCAP is blocked, SREBPs remain bound to membranes, and transcription of sterolregulated genes declines. Here, we provide evidence that sterols act by inhibiting the cycling of SCAP between the ER and Golgi. We use glycosidases, glycosidase inhibitors, and a glycosylation-defective mutant cell line to demonstrate that the N-linked carbohydrates of SCAP are modified by Golgi enzymes in sterol-depleted cells. After modification, SCAP returns to the ER, as indicated by experiments that show that the Golgi-modified forms of SCAP cofractionate with ER membranes on density gradients. In sterol-overloaded cells, the Golgi modifications of SCAP do not occur, apparently because SCAP fails to leave the ER. Golgi modifications of SCAP are restored when sterol-overloaded cells are treated with brefeldin A, which causes Golgi enzymes to translocate to the ER. These studies suggest that sterols regulate the cleavage of SREBPs by modulating the ability of SCAP to transport SREBPs to a post-ER compartment that houses active Site-1 protease.
Feedback control of cholesterol metabolism is maintained by the regulated release of sterol regulatory element-binding proteins (SREBPs) from cell membranes (1) . SREBPs are a family of membrane-bound transcription factors that activate genes involved in the synthesis of cholesterol and its uptake from plasma lipoproteins. SREBPs are released proteolytically from cell membranes in a process that is regulated by a polytopic membrane protein called SCAP, which stands for SREBP cleavage-activating protein (2) . SCAP forms a complex with SREBPs in endoplasmic reticulum (ER) membranes (3) . Formation of this complex is required for SREBPs to be cleaved by Site-1 protease (S1P), a membrane-bound serine protease that cleaves the SREBPs at a leucine-serine bond within a hydrophilic loop that projects into the ER lumen (4) . Cleavage at this site initiates a process by which the transcriptionally active fragments of SREBP leave the membrane and translocate to the nucleus (1) .
When cells are overloaded with sterols, SREBP is no longer cleaved by S1P. SREBP remains membrane-bound, and sterol synthesis is suppressed. Sensitivity of SREBP cleavage to sterols is mediated by the polytopic membrane attachment domain of SCAP (2, 5, 6 ). This domain is believed to contain eight membrane-spanning helices, five of which comprise a region termed the sterol-sensing domain (7) . Specific point mutations within this domain abolish sensitivity to sterol suppression and render cleavage of SREBP constitutive (2, 5, 6) .
The mechanism by which sterols control the activity of SCAP currently is under intensive investigation. A clue emerged recently from studies of the N-linked carbohydrate chains on the polytopic membrane attachment domain of SCAP (6) . When cells were overloaded with sterols, these carbohydrate chains were largely in a form that is sensitive to digestion with endoglycosidase H (endo H), which recognizes high mannose carbohydrate chains that are found on ER proteins (8) . When cells were deprived of sterols, the N-linked carbohydrate chains of SCAP became resistant to endo H treatment, suggesting that SCAP had moved from the ER to the Golgi complex, where it had been acted upon by ␣-mannosidase II. Mutant forms of SCAP that produce constitutive cleavage of SREBPs were always endo H-resistant, even in the presence of sterols (6) . These data generated the hypothesis that sterols control the exit of SCAP from the ER. In sterol-depleted cells, the SCAP͞SREBP complex can move to a post-ER compartment, where it encounters active S1P. In sterol-treated cells, this movement is abolished, and SREBP is retained in the ER, where it is not susceptible to Site-1 cleavage.
The current studies were designed to test further the hypothesis that sterols regulate the movement of SCAP. We perform a series of studies with a mutant cell line and glycosidase inhibitors that show directly that the endo H resistance of SCAP is attributable to its modification by Golgi enzymes. Nevertheless, in the steady state the bulk of SCAP is contained in ER membranes as revealed by density gradient ultracentrifugation, indicating that in sterol-depleted cells SCAP cycles between ER and Golgi. These data support the hypothesis that Site 1 cleavage of SREBPs occurs normally in a post-ER compartment and that sterols regulate the ability of SCAP to escort SREBP from the ER to this compartment. F), and Clostridium perfringens neuraminidase from New England Biolabs; and Nycodenz from Sigma. Other reagents were obtained from previously reported sources (6, 9) .
Cell Culture. All cells were grown in monolayer at 37°C in an atmosphere of 8-9% CO 2 . Chinese hamster ovary (CHO)-7 cells, a clone of CHO-K1 cells adapted to growth in lipoprotein-deficient serum (9), were grown in medium A (a 1:1 mixture of Ham's F-12 medium and DMEM containing 100 units͞ml penicillin and 100 g͞ml streptomycin sulfate) supplemented with 5% (vol͞vol) newborn calf lipoproteindeficient serum. Clone 15B cells, a mutant CHO cell line deficient in N-acetylglucosamine (GlcNAc) transferase I activity (10, 11) (kindly provided by Stuart Kornfeld, Washington University, St. Louis, MO), were grown in medium A supplemented with 5% FCS. Cells were set up for experiments on day 0 at a density of 5 ϫ 10 5 cells per 100-mm dish, refed on day 2, and harvested on day 3.
Isolation of Cell Membranes and Trypsin Treatment. Cell monolayers were harvested, and membrane fractions were prepared and treated with trypsin as described previously (6) . Briefly, cell pellets were resuspended in 0.4 ml of buffer B (10 mM Hepes⅐KOH, pH 7.4͞10 mM KCl͞1.5 mM MgCl 2 ͞5 mM sodium EDTA͞5 mM sodium EGTA͞250 mM sucrose), passed through a 22-gauge needle, and centrifuged at 1,000 ϫ g for 5 min. The postnuclear supernatants then were centrifuged at 15,000 ϫ g for 10 min, and the resulting membrane pellets were resuspended in 0.1 ml of buffer C (buffer B containing 100 mM NaCl). Equal amounts of protein then were incubated in the absence or presence of 1 g of trypsin in a total volume of 58 l for 30 min at 30°C. Reactions were stopped by addition of 2 l of soybean trypsin inhibitor (400 units).
Glycosidase Treatments. Cells were harvested, and membrane fractions were prepared and treated with trypsin as described above. For subsequent treatment with endo H, individual samples received 10 l of solution containing 3.5% (wt͞vol) SDS and 7% (vol͞vol) 2-mercaptoethanol. After heating at 100°C for 10 min, each sample received sequential additions of 9 l of 0.5 M sodium citrate (pH 5.5), 5 l of solution containing 17ϫ protease inhibitors (a concentration of 1ϫ corresponding to 10 g͞ml leupeptin, 5 g͞ml pepstatin A, and 2 g͞ml aprotinin), followed by 1 l of endo H (0.05 units). For treatment with PNGase F, trypsin-treated samples were denatured in the presence of SDS and 2-mercaptoethanol as described above and then received sequential additions of 7 l of 0.5 M sodium phosphate (pH 7.5), 7 l of solution containing 10% (vol͞vol) Nonidet P-40 and 12ϫ protease inhibitors, followed by 1 l of PNGase F (7.7 ϫ 10 Ϫ3 units). For treatment with neuraminidase or endo D, membranes were incubated with trypsin as described above and then received sequential additions of 5 l of solution containing 17ϫ protease inhibitors and 8.5 l of 10% (vol͞vol) Triton X-100. After rocking at 4°C for 1 hr, the samples received 9 l of 0.5 M sodium citrate (pH 5.5) and 1 l of neuraminidase (50 units) or endo D (10 Ϫ3 units). All reactions were carried out overnight at 37°C and stopped by addition of 20 l of buffer D [0.25 M Tris⅐HCl, pH 6.8͞2% SDS͞10% (vol/vol) glycerol͞0.05% (wt/vol) bromophenol blue͞4% 2-mercaptoethanol]. The mixtures then were heated at 100°C for 5 min and subjected to SDS͞PAGE (5-12% gradient gels).
Density Gradient Centrifugation. Culture dishes with monolayers of CHO-7 cells were placed on ice and washed once with 5 ml of PBS and once with 5 ml of buffer E (10 mM triethanolamine⅐acetic acid, pH 7.4͞0.25 M sucrose͞1 mM sodium EDTA͞1ϫ protease inhibitors). Pooled cells from 40 dishes then were scraped into 0.8 ml of buffer E, followed by homogenization and cell fractionation on preformed Nycodenz gradients as described by Hammond and Helenius (12) . The gradients were centrifuged for 45 min in an SW 41 rotor (Beckman) at 4°C at 37,000 ϫ g, deceleration was performed without brake, and 19 fractions (600 l͞fraction) were collected from each gradient. The bottom three fractions contained aggregated material and were not analyzed further. Aliquots of each fraction (80 l) received 20 l of buffer F (150 mM Tris⅐HCl, pH 6.8͞15% SDS͞25% glycerol͞12.5% 2-mercaptoethanol͞0.02% bromophenol blue), were heated at 100°C for 5 min, and then were subjected to 7% SDS͞PAGE. Additional aliquots from each fraction (50 l) were used to determine Golgi ␣-mannosidase II activity as described (13) .
For combined trypsin and endo H treatments of gradient fractions, 120-l aliquots from each of two consecutive fractions were pooled and incubated with 5 g of trypsin in a total volume of 250 l for 30 min at 30°C. Reactions were stopped by the addition of 5 l of soybean trypsin inhibitor (1,000 units). Aliquots (0.2 ml) from each reaction were then diluted by the addition of 1 ml of buffer E and centrifuged at 2 ϫ 10 5 g for 45 min in a Beckman TLA 100.2 rotor at 4°C. The resulting pellets were dissolved in 0.1 ml of solution containing 0.5% SDS and 1% 2-mercaptoethanol, heated at 100°C for 10 min, and supplemented with 12 l of 0.5 M sodium citrate (pH 5.5) and 8 l of solution containing 15ϫ protease inhibitors. Subsequently, each sample was split into two 60-l aliquots and incubated overnight at 37°C in the absence or presence of 0.05 units of endo H. Reactions were stopped by the addition of 20 l of buffer D. The mixtures then were heated at 100°C for 5 min and subjected to SDS͞PAGE (5-12% gradient gels).
Immunoblot Analysis. mAb IgG-9D5 directed against amino acids 540-707 of hamster SCAP was prepared as described previously (3) . All other antibodies were obtained from commercial sources as described above. Gels were calibrated with molecular weight markers (Amersham or BioRad). After SDS͞PAGE, proteins were transferred to Hybond C-extra nitrocellulose sheets (Amersham) and incubated with antibodies at the indicated concentration. Bound antibodies were visualized by chemiluminescence and exposed to Kodak X-Omat Blue XB-1 film at room temperature as described previously (6) . To quantify the distribution of calnexin and SCAP after density gradient centrifugation, immunoblots were scanned with a Hewlett-Packard ScanJet 4c͞T page scanner and quantified by densitometry by using NIH IMAGE 1.60 software. Signals from simultaneously exposed standard curves were used for calibration.
RESULTS
The experiments in Fig. 1 were designed to determine whether the sterol-regulated modifications of the N-linked oligosaccharides on SCAP from endo H-sensitive to endo H-resistant structures are attributable to the actions of Golgi enzymes. N-linked oligosaccharides of proteins residing in the ER have a configuration that is sensitive to endo H. As glycoproteins are transported to the Golgi, their sugars are successively modified by ␣-mannosidase I, GlcNAc transferase I, and ␣-mannosidase II (8) (see Fig. 1 A) . The reaction catalyzed by the latter enzyme gives rise to an oligosaccharide structure that is resistant to digestion by endo H (14) . If SCAP were transported to the Golgi, inhibition of any of these steps should prevent SCAP from becoming resistant to endo H.
The experimental approach is based on our previous observation that SCAP contains a glycosylated luminal loop of Ϸ170 aa that is protected from proteolysis when intact membranes are treated with trypsin. This loop carries two N-linked oligosaccharides (6, 7) . After digestion with trypsin, the trypsin-resistant fragment can be visualized by SDS͞PAGE and immunoblotting as a 36-kDa band (6, 7) . The structures of the two sugar chains on this fragment can be analyzed by their susceptibility to hydrolysis by specific endoglycosidases (see Fig. 1 A) .
In the experiment in Fig. 1B , we compared the structures of the sugar chains on SCAP from wild-type CHO-7 cells and Clone 15B cells, a CHO-derived cell line that lacks GlcNAc transferase I activity (10, 11) . These cells cannot produce endo H-resistant sugars; instead, they accumulate secretory glycoproteins carrying N-linked oligosaccharides of the (Man) 5 -(GlcNAc) 2 -Asn form (11), a structure that is uniquely susceptible to hydrolysis by endo D (14) . Cells were grown in the absence or presence of sterols, and membrane fractions were treated successively with trypsin and glycosidases. In the absence of trypsin, SCAP migrated as a 150-kDa band in both cell lines and there was no effect of sterols (lanes 1-4). Trypsin treatment generated a resistant fragment of Ϸ36 kDa that was not affected by genetic background or sterols (lanes [5] [6] [7] [8] . This fragment is known to contain two N-linked sugar chains (6) . In cells grown without sterols, endo H treatment left one or two of these chains intact, indicating that all of the SCAP fragments contained at least one endo H-resistant chain (lane 9 In the experiment in Fig. 1C , wild-type CHO-7 cells were grown in the absence or presence of sterols and swainsonine, a specific inhibitor of ␣-mannosidase II (15) . In cells grown in the absence of sterols, SCAP was found in an endo H-resistant form, and this processing was inhibited by swainsonine (Fig.  1C, compare lanes 9 and 10) . In this experiment, we also treated the trypsin-resistant SCAP fragment from wild-type cells with PNGase F, which hydrolyzes N-linked carbohydrates whether or not they have been modified in the Golgi. PNGase F removed both N-linked sugar chains whether or not the cells were incubated with sterols (lanes [13] [14] [15] [16] . Taken together, the results of Fig. 1 B and C demonstrate that the processing of SCAP to an endo H-resistant form requires the successive action of ␣-mannosidase I, GlcNAc transferase I, and ␣-mannosidase II, all of which are Golgi enzymes (16, 17) .
We next sought to determine the subcellular localization of SCAP through density gradient ultracentrifugation. In Fig. 2 postnuclear supernatants from CHO-7 cells grown in the absence or presence of sterols were subjected to Nycodenz density gradient centrifugation, and individual fractions were analyzed for the presence of SCAP as well as Golgi and ER-specific markers. Surprisingly, SCAP colocalized with the ER-specific marker calnexin (12, 18) in cells grown either in the absence or presence of sterols ( Fig. 2 Upper and Lower, respectively). Immunoblots of the same samples treated with trypsin and endo H showed that SCAP from cells grown without sterols carried endo H-resistant sugar chains even though the protein cofractionated with ER markers. Thus, in SDS͞PAGE, transferred to nitrocellulose, and blotted as above. The filter was exposed to film for 20 sec. Numbers on the right denote the number of N-linked sugar chains present on protease-protected SCAP fragments. छ, Endo D protein, which cross-reacts with IgG-9D5; ‫,ء‬ cross-reacting proteins of unknown identity. Kifunensine is an inhibitor of Golgi ␣-mannosidase I, and swainsonine is an inhibitor of Golgi ␣-mannosidase II (15) . Clone 15B cells lack GlcNAc transferase I activity (11) . N, asparagine; Man, mannose. (B) On day 0, CHO-7 cells (CHO) or Clone 15B cells (15B) were set up in medium A supplemented with 10% FCS and 50 g protein͞ml human low density lipoprotein. On day 2, cells were switched to medium A containing 10% newborn calf lipoprotein-deficient serum, 50 M compactin, 50 M sodium mevalonate, and 0.2% (vol͞vol) ethanol in the absence or presence of sterols (1 g͞ml 25-hydroxycholesterol plus 10 g͞ml cholesterol) and kifunensine (2.5 g͞ml) as indicated. After incubation at 37°C for 16 hr, cells were harvested, and membrane fractions were prepared as described under Materials and Methods. Aliquots of membrane fractions (45 g protein) were incubated in the absence (lanes 1-4) or presence (lanes 5-18) of trypsin. Proteolysis was stopped, the samples were incubated in the absence (lanes 1-8) or presence (lanes 9-18) of the indicated glycosidase, subjected to SDS͞PAGE (5-12% gel), transferred to nitrocellulose, blotted with 10 g͞ml IgG-9D5 (anti-SCAP), and exposed to film for 45 sec. (C) On day 0, CHO-7 cells were set up as described above. On day 2, cells were switched to medium A containing 10% newborn calf lipoprotein-deficient serum, 50 M compactin, 50 M sodium mevalonate, and 0.2% ethanol in the absence or presence of sterols and swainsonine (5 g͞ml) as indicated. After incubation for 16 hr, cells were harvested as above. Aliquots of membrane fractions (55 g protein) were incubated in the absence (lanes 1-4) or presence (lanes 5-16) of trypsin. Proteolysis was stopped, the samples were incubated in the absence (lanes 1-8) or presence (lanes 9-16) of the indicated glycosidase, subjected to Biochemistry: Nohturfft et al.
Proc. Natl. Acad. Sci. USA 96 (1999) 11237 the steady state most SCAP appears to reside in the ER both in the absence and in the presence of sterols. This suggests that sterol deprivation allows a transient translocation of SCAP from the ER to the Golgi, whereupon the protein quickly recycles back to the ER. To determine how far SCAP moves into the Golgi in the absence of sterols, we analyzed the sugar chains on SCAP for their sensitivity to neuraminidase, a glycosidase that removes sialic acid residues from oligosaccharides (14) . Addition of sialic acid occurs in the trans-Golgi (19) . Sensitivity to neuraminidase thus is used as a marker to determine whether a protein has reached the trans-cisternae of the Golgi. As shown in Fig. 3A , SCAP became resistant to endo H in the absence of sterols (lane 5). However, the protein remained resistant to neuraminidase (lanes 9), indicating that it did not reach the trans-Golgi. To confirm that the neuraminidase was active under the conditions of our in vitro assay, we treated membrane extracts from CHO cells with neuraminidase, performed SDS͞PAGE, and blotted with an antibody against the transferrin receptor, a sialylated glycoprotein of the plasma membrane (Fig. 3B Lower, lanes 7-10) . The mobility of this receptor increased after neuraminidase treatment whether the cells were incubated in the absence or presence of sterols.
To exclude the unlikely possibility that sterol deprivation caused Golgi enzymes to move to the ER, we analyzed the endo H sensitivity of grp94, an abundant luminal ER glycoprotein (20) . As shown in Fig. 3B Upper, grp94 was sensitive to endo H both in the absence and presence of sterols. That grp94 is not intrinsically resistant to modification by Golgi enzymes was demonstrated by Lippincott-Schwartz et al. (21) , who showed that grp94 acquires endo H-resistant sugars upon treatment of cells with brefeldin A, a fungal metabolite that causes rapid redistribution of lipids and proteins of the Golgi to the ER.
In principle, sterols could regulate the modification of SCAP by Golgi enzymes in two ways. According to one model, SCAP recycles between the ER and the Golgi both in the absence and presence of sterols, but its oligosaccharides become resistant to enzymatic modification in the presence of sterols. In a second model, SCAP remains in the ER in the presence of sterols. Upon induction by sterol deprivation, SCAP exits the ER, transiently moves to the Golgi, where its carbohydrates are modified, and then recycles back to the ER.
To distinguish between these two possibilities, we analyzed the sugar chains on SCAP after treatment of cells with brefeldin A. As shown in Fig. 4 , SCAP was endo H-sensitive when cells were grown in the presence of sterols (lane 15). However, when cells were grown in the presence of both sterols and brefeldin A, SCAP was processed to the endo H-resistant form (lane 16), and this effect was inhibited by swainsonine (lane 17), indicating that brefeldin A-induced modification of SCAP required the action of the Golgi enzyme ␣-mannosidase II (see Fig. 1 A) .
A trivial explanation for the ability of brefeldin A to block sterol suppression of SCAP processing would be that brefeldin A blocks the transport of the inhibitory sterols to the ER. To rule out this possibility, we measured the effect of brefeldin A on the ability of sterols to stimulate the conversion of cholesterol to cholesteryl esters. This reaction is catalyzed by the ER FIG. 2. Subcellular localization of SCAP as determined by density gradient centrifugation. On day 0, CHO-7 cells were set up in medium A supplemented with 10% FCS. On day 2, cells were switched to medium A containing 10% newborn calf lipoprotein-deficient serum, 50 M compactin, 50 M sodium mevalonate, and 0.2% ethanol in the absence (no sterols) or presence (ϩ sterols) of 1 g͞ml 25-hydroxycholesterol plus 10 g͞ml cholesterol as indicated. After incubation at 37°C for 16 hr, cells were harvested, and postnuclear supernatants were fractionated by Nycodenz gradient centrifugation as described in Materials and Methods. Fractions were collected from top to bottom. Graphs show aliquots from individual fractions that were analyzed for ␣-mannosidase II activity. Additional aliquots were subjected to SDS͞PAGE (5-12% gel), transferred to nitrocellulose, and blotted with 2 g͞ml anticalnexin antibody and 10 g͞ml IgG-9D5 (anti-SCAP). Immunoreactivity was detected by chemiluminescence and quantified by densitometry. Distributions are plotted as ''% maximum value,'' with 100% corresponding to the highest value of each measured parameter. Immunoblots show aliquots from consecutive fractions that were pooled and treated with trypsin as described in Materials and Methods. Reactions then were divided into two equal aliquots, which were incubated in the absence or presence of endo H as indicated, subjected to SDS͞PAGE, and immunoblotted with 10 g͞ml IgG-9D5. Filters were exposed to film for 6 min (Upper) and 1 min (Lower), respectively. The apparent difference in the density of the ER fractions in the nontreated vs. sterol-treated panels is a result of variation in sample collection. FIG. 3 . Specificity of the sterol-regulated oligosaccharide modifications of SCAP. On day 0, CHO-7 cells were set up in medium A supplemented with 10% FCS. On day 2, cells were switched to medium A containing 10% newborn calf lipoprotein-deficient serum, 50 M compactin, 50 M sodium mevalonate, and 0.2% ethanol in the absence or presence (ϩ sterols) of 1 g͞ml 25-hydroxycholesterol plus 10 g͞ml cholesterol as indicated. After incubation at 37°C for 16 hr, cells were harvested, and membrane fractions were prepared as described in Materials and Methods. (A) Aliquots (60 g of protein) were incubated in the absence or presence of trypsin as indicated. Proteolysis was stopped, and the samples were incubated either in the absence (lanes 1-4) or presence (lanes 5-10) of the indicated glycosidase, subjected to SDS͞PAGE (5-12% gel), and transferred to nitrocellulose. The filter was blotted with 10 g͞ml IgG-9D5 (anti-SCAP) and exposed to film for 25 sec. (B) Aliquots of the same membrane fractions used in A (16 g of protein) were incubated without prior trypsin treatment either in the absence (lanes 1, 2, 9, and 10) or presence (lanes 3-8) of the indicated glycosidase, subjected to SDS͞PAGE (6.5% gel), and transferred to nitrocellulose. Filters were blotted with 2 g͞ml anti-BiP antibody (Upper) and 1 g͞ml antitransferrin receptor antibody (Lower) and exposed to film for 5 sec andenzyme acyl-CoA:cholesterol acyltransferase, and its stimulation requires that cholesterol is transported to the ER (22) . To make these measurements, CHO cells were incubated with or without sterols, and then they were labeled for 2 hr with [ 14 C]oleate. As shown in Fig. 5 
DISCUSSION
The current experiments provide evidence that SCAP cycles between the ER and the medial-Golgi in sterol-deprived cells and that sterols block the exit of SCAP from the ER, thereby preventing SCAP from reaching the Golgi. That SCAP reaches the Golgi in sterol-deprived cells was suggested by the earlier demonstration that the N-linked carbohydrates of SCAP become resistant to endo H in sterol-deprived cells (6) . In the current paper, this suggestion is supported by extensive studies of the N-linked carbohydrates of SCAP in wild-type CHO cells and in Clone 15B cells, which lack Golgi GlcNAc transferase I. Further documentation is provided by experiments with kifunensine (an inhibitor of ␣-mannosidase I), swainsonine (an inhibitor of ␣-mannosidase II), and endo D [specific for (Man) 5 -(GlcNAc) 2 -Asn-containing glycopeptides] (see Fig.  1 A) . The conclusion that sterols prevent this movement is based on the observation that the N-linked carbohydrates of SCAP are not fully modified by any Golgi-associated enzymes in sterol-treated cells. It is supported by the finding that SCAP becomes endo H-resistant in sterol-treated cells when the cells are treated with brefeldin A, which causes Golgi glycosidases to move to the ER.
In sterol-deprived cells, the endo H-resistant forms of SCAP cofractionate with ER markers and are well separated from Golgi markers on density gradients (Fig. 2) , a result that is consistent with an earlier study showing ER localization of SCAP by immunofluorescence (3). These findings indicate that SCAP does not remain in the Golgi, but, rather, it cycles back to the ER. Endo H-resistant SCAP is also resistant to neuraminidase, suggesting that the protein returns to the ER before reaching the sialyltransferases in the trans-Golgi.
The finding that sterols control the exit of SCAP from the ER raises the crucial question as to whether this is the mechanism by which sterols control the proteolytic processing of SREBPs by S1P. Such control might be possible if the active form of S1P is located in a post-ER compartment and if SCAP escorts SREBP to this compartment in a sterol-regulated fashion. This escort mechanism is made more feasible by the previous finding that most cellular SCAP is present in a complex with SREBPs (3, 25) , and, therefore, it should carry SREBPs with it when it leaves the ER.
The compartment that houses active S1P currently is unknown, but certain clues exist. S1P is synthesized as an inactive precursor designated S1P-A (26). This precursor undergoes autocatalytic cleavage to release an NH 2 -terminal propeptide, thereby converting itself to an active form designated S1P-B. S1P-B undergoes a further autocatalytic cleavage to generate S1P-C, which is also active. S1P-A and S1P-B are endo H-sensitive, indicating that they have not reached ␣-mannosidase II in the medial-Golgi. S1P-C is endo H-resistant, suggesting that it may be formed in the medial-Golgi (26) .
Previous evidence indicates that SREBPs are cleaved in a pre-Golgi compartment. This conclusion was based on studies in which signals for N-linked glycosylation were inserted into the luminal loop of SREBP-2 (27) . Cleavage by S1P occurred while the N-linked carbohydrates of SREBP-2 were still in an endo H-sensitive state. This pre-Golgi compartment might be the ER or it might be a post-ER compartment that is proximal to the medial-Golgi. Even though S1P-B is endo H-sensitive, it may also exist in a post-ER, pre-Golgi compartment. SCAP may transport SREBPs to this compartment in a sterol- . After a 30-min preincubation, cells were incubated for an additional 5 hr with 0.1% (vol͞vol) methanol in the absence or presence of 10 g͞ml brefeldin A as indicated. Cells were harvested, and membrane fractions were prepared as described in Materials and Methods. Aliquots (54 g of protein) were incubated in the absence (lanes 1-4) or presence (lanes 5-17) of trypsin. Proteolysis was stopped, and the samples were incubated either in the absence (lanes [1] [2] [3] [4] [5] [6] [7] [8] or presence (lanes 9-17) of the indicated glycosidase, subjected to SDS͞PAGE (5-12% gel), and transferred to nitrocellulose. The filter was blotted with 10 g͞ml IgG-9D5 (anti-SCAP) and exposed to film for 2 min. 5 . Effect of brefeldin A on sterol-regulated acyl-CoA:cholesterol acyltransferase activity. On day 0, CHO-7 cells were set up at 2.5 ϫ 10 5 cells per 60-mm dish in medium A supplemented with 5% FCS. On day 2, cells were switched to medium A containing 5% newborn calf lipoprotein-deficient serum, 50 M compactin, 50 M sodium mevalonate, and 0.2% ethanol in the absence or presence (ϩ sterols) of 1 g͞ml 25-hydroxycholesterol plus 10 g͞ml cholesterol as indicated. After incubation at 37°C for 11 hr, the cells were incubated for an additional 5 hr with 0.1% methanol in the absence or presence of 10 g͞ml brefeldin A as indicated. During the final 2 hr, each monolayer was pulse-labeled with 0.2 mM sodium [ 14 C]oleate (7,600 dpm͞pmol), after which the cells were harvested for measurement of the rate of [ 14 C]oleate incorporation into cholesteryl [ 14 C]oleate as described previously (23 
